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1,4NQ-BC enhances the lung in�ammation by
mediating the secretion of IL-33 which derived from
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Abstract
Background Black carbon (BC) is a product of incomplete combustion of fossil fuels and vegetation. The
compelling evidence has demonstrated that it has a close relationship with several respiratory and
cardiovascular diseases. BC provides the reactive sites and surfaces to absorb various chemicals, such
as polycyclic aromatic hydrocarbons (PAH). Naphthoquinone is a typical PAHs which was found in
particulate matter (PM) and 1,4NQ-BC owned high oxidative potential and cytotoxicity. IL-33 is an alarmin
which increases innate immunity through Th2 responses. It was reported that IL-33 was a potent inducer
of pro-in�ammatory cytokines, like IL-6. In our previous study, it was revealed that 1,4NQ-BC instilled
intratracheally to mice could trigger zthe lung in�ammation and stimulate the secretion of IL-33 in lung
tissue.

Results We found that IL-33 could induce in�ammation in lung itself. When the macrophages were
eliminated, the secretion of IL-33 was reduced and the pathological damage in the lung was relieved after
exposure to 1,4NQ-BC. Both MAPK and PI3k/Akt signal pathways were involved in the process of IL-33
secretion and the lung in�ammation induced by 1,4NQ-BC.

Conclusions The �ndings herein support the notion that after exposure to 1,4NQ-BC, the increased
secretion of IL-33 was mainly derived from macrophage through both MAPK and PI3k/Akt signal
pathways.

Introduction
Incomplete fuel combustion can produce Black Carbon (BC) or soot particles. They are ubiquitous and
play important roles in atmospheric transformation [1]. BC is the second largest contributor to global
warming and it is an important constituent of atmospheric particulate matter (PM) [2, 3]. It was reported
that BC could accelerate atherosclerotic plaque formation, increased asthma risk and pulmonary
in�ammation [4–7]. When BC is emitted into the atmosphere, it undergoes an aging process. During this
process, its particle morphology, chemical features and redox activity may be changed [8–10].

BC has been recognized to catalyze various chemical reactions in the atmosphere such as the formation
of nitrous acid, which contributes to photochemical ozone and smog formation [11–13]. It can also
provide reactive sites and surfaces for many heterogeneous reactions [14]. Furthermore, BC can absorb
polycyclic aromatic hydrocarbons (PAH) during the combustion process. In this sorption progress, BC
accompanies with PAH can enhance the toxicity [15]. PAHs are well-recognized as a group of ubiquitous
environmental organic pollutants because of its carcinogenicity, teratogenicity and mutagenicity [16].
There are six PAHs have been classi�ed as the priority pollutants by the Environmental Protection Agency
in the United States [17, 18]. It was reported that PM associated fraction of PAHs and most quinones had
been found in ambient particulate matter, automotive exhaust emissions and wood smoke particles [19–
24]. Quinones can act as catalysts to produce reactive oxygen species (ROS) directly and may play a key
role in PM toxicity [25]. The evidence suggested that among the three types of BC including 1,4-
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naphthoquinone (1,4-NQ)-coated, sulfate-coated and O3-aged BC, the 1,4-NQ-BC owned the highest
oxidative capacities and cytotoxicity [26]. The reports about the toxicity of 1,4NQ-BC were scarce. It was
�rst mentioned that 1,4NQ-BC may cause lung in�ammation by our lab and the present study tried to
excavate the potential mechanism.

Interleukin (IL)-33 is described as a nuclear-associated cytokine of IL-1 family. It plays its biological
function through IL-1 receptor-related protein ST2 and induces T helper type 2-associated cytokines, such
as IL-4, IL-5, IL-13 [27, 28]. The mRNA expression of IL-33 was high in various murine tissues, such as the
stomach, lung, spinal cord, brain and skin [29]. IL-33 is an alarmin cytokine in innate immunity,
in�ammation and allergy [30]. When mice were injected with IL-33, the eosinophilia and superoxide anion
were induced [27]. IL-33 also activates the mast cells, basophils and it can induce degranulation,
maturation, promotes survival and increases the production of several pro-in�ammatory cytokines [31,
32]. IL-33 plays a key role in initiating pro-in�ammatory responses in mast cells reacting to cell injury [33].
In dendritic cells, IL-33 initiates TH2-type immune responses through ST2 [34]. It profoundly enhances
allergic in�ammation through increased expression of proallergic cytokines and chemokines [35]. When
macrophage RAW264.7 treated with lipopolysaccharide (LPS), IL-33 was induced through cyclic
adenosine monophosphate (cAMP)-mediated signaling pathway [36]. In PBMCs derived from smokers
treated with soot particles, the expression of IL-33 was increased [37]. IL-33 is crucial for the immune
response, as it regulates immune cell in�ltration and activation.

In our previous study, it was well acknowledged that after the mice instilled with no matter BC or 1,4NQ-
BC,the secretion of IL-33 in bronchoalveolar lavage �uid (BALF) was signi�cantly increased. The IL-33
neutralizing antibody reversed the lung in�ammation partly which induced by BC [38, 39]. It suggested
that IL-33 played a key role in this proin�ammatory process. In our in vitro experiments, we also found
that the IL-33 mRNA expression in macrophage (RAW264.7) increased, not in epithelial cells at the same
level of BC exposure.

Hence, we assume that the macrophage might be the target of 1,4NQ-BC which triggered the lung
in�ammation and IL-33 might derive from the macrophage. Based on this hypothesis the origin of IL-33
was examined and the underlying mechanism was unveiled in our experiments.

Results

IL-33 enhanced lung in�ammation through MAPK and
PI3k/Akt signal pathways
To determine whether IL-33 played a role in the process of 1,4NQ-BC induced lung in�ammation, the �rst
step was to detect whether IL-33 itself could induce lung in�ammation. IL-33 was intratracheally instilled
to mice twice a week for four weeks. 24 hours after the last instillation, all related items were examined.
As shown in Fig. 1A, total cell counts in BALF in mice treated with IL-33was signi�cant higher than that of
the control group.
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Histological analysis of lung tissue was provided in Fig. 1B-E. Mice instilled with IL-33 showed marked
in�ammatory cell in�ltration in the lung tissue compared with PBS-treated mice which mainly distributed
around the blood vessels, bronchus and pleura. The number of in�ammatory cells showed that IL-33
treated group has much more severe lung in�ammation compared with the control group (Fig. 1. F-H).
Histopathological results testi�ed our original assumption that exogenous IL-33 could induce non-allergic
in�ammation of the lung.

The phosphorylation of JNK and ERK in lung tissue was increased after exposure to IL-33. Similarly, the
expression of PI3K and the phosphorylation of Akt in the IL-33 treated group was higher than the control
group. All the above indicated that both MAPK and PI3k/Akt signal pathways might play a role in the pro-
in�ammatory action of IL-33 (Fig. 1I-J).

IL-33 affected the T cell sub-types in mediastinal lymph nodes

As shown in Fig. 2A, for IL-33 instilled mice, the coe�cient of mediastinal lymph nodes was signi�cantly
increased compared with the control group. Through �ow cytometry analysis, it was shown that the
percentage of CD4+ T cells in IL-33 treated group was higher than the control group. However, the
percentage of CD8+ T cells was lower than the control group. On the other hand, the percentage of Treg
cells in IL-33 treated group were higher than the control group (Fig. 3E-F) while the percentage of Th17
had no difference between the IL-33 treated group and the control group (data not show).

The lung in�ammation caused by 1,4NQ-BC was reversed after elimination of the macrophages

Our previous in vitro experiments had shown that BC could stimulate mouse leukemia cells of monocyte
macrophage RAW264.7 to secrete IL-33(data not show). So we speculated that macrophage might be
involved in the process of 1,4NQ-BC induced lung in�ammation. In order to con�rm whether the
in�ammation caused by 1,4NQ-BC could relieve without macrophage, cells were knocked out by CLOlipo.
As shown in Fig. 3A, CLOlipo deleted the macrophages effectively. Mice were treated as the Methods
described. Histopathology analysis was used to examine the function of the macrophage. In Fig. 3B-D, it
showed that the in�ammation of the lung was rarely observed in PBSlipo group and CLOlipo group. In
1,4NQ-BC treated groups (Fig. 3E-F), representative in�ammatory cell recruitment around the blood vessel,
bronchus and pleura in the lung were observed. However, after the elimination of the macrophages,
in�ammatory cells in�ltration reduced remarkably. The number of in�ammatory cells revealed that the
mice treated with CLOlipo & 1,4NQ-BC has lower lung in�ammation compared with PBSlipo & 1,4NQ-BC
group.

Deletion of macrophage inhibited 1,4NQ-BC induced the secretion of IL-33

In our previous research, 1,4NQ-BC enhanced the secretion of cytokines such as IL-1β,IL-6 and IL-33 [38]. It
has been reported that in some in vitro experiments, some chemicals can stimulate the macrophages to
secrete IL-33[36, 40, 41] .To investigate the hypothesis of whether IL-33 derived from macrophages or not,
ELISA kits were used to examine the expression of IL-33 after the different treatments. In Fig. 4A, 1,4NQ-
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BC treatment enhanced the secretion of IL-33 in BALF compared with the control group. As expected,
deletion of the macrophages reduced the secretion of IL-33 after 1,4NQ-BC treatment. At the same time,
the mRNA and protein level of IL-33 in lung tissue were examined. In Fig. 4B-D, in PBSlipo and 1,4NQ-BC
treated group, both the mRNA expression and the protein expression of IL-33 were increased compared
with the PBSlipo treated group. After abrogating the macrophages, the expression of IL-33 was
signi�cantly decreased than PBS & 1,4NQ-BC group.

Macrophage were involved in T cell sub-typed changes in�uenced by 1,4NQ-BC treatments

As shown in Fig. 5, in the PBSlipo & 1, 4NQ-BC group, the percentage of CD4 + T cells in mediastinal
lymph nodes was higher than that of the PBSlipo control group. However, for the mice instilled with
CLOlipo & 1, 4NQ-BC, the percentage of CD4 + T cells was lower compared with PBSlipo & 1, 4NQ-BC
group. The percentage of Treg cells was increased after exposure to 1, 4NQ-BC (Fig. 6). But in CLOlipo & 1,
4NQ-BC group, when macrophage was deleted, the percentage of Treg cells was signi�cantly decreased
compared with PBSlipo & 1,4NQ-BC group. The percentage of Th17 cells showed no difference among all
groups (data not show). Macrophages played a role in the change of T cell sub-types induced by 1, 4NQ-
BC.

IL-33 from macrophage might disturb the MAPK and PI3k/Akt signal pathway after 1,4NQ-BC treatment

In our previous study, we found that 1,4NQ-BC caused lung damage through MAPK and PI3k/Akt signal
pathways [39]. It was also veri�ed that MAPK and PI3k/Akt pathways were involved in IL-33 induced lung
in�ammation above. To con�rm the IL-33 come from macrophage when 1, 4NQ-BC given to mice, MAPK
and PI3K/Akt signal pathways were examined. In Fig. 7, the expression of phosphorylation of ERK, p-38,
JNK and Akt in the PBSlipo & 1,4NQ-BC group was higher than that of the PBSlipo group. As expected, in
CLOlipo & 1,4NQ-BC group, the phosphorylation of these proteins was reduced compared with the PBSlipo
& 1,4NQ-BC group. These �ndings indicated that the IL-33 derived from macrophage were involved in the
lung injury caused by 1,4NQ-BC.

Discussion
Ambient air pollution and particulate matter have been regarded as a major risk which can induce public
health problems including respiratory disease, cancers and heart failure [42]. Many animal experiments
demonstrated that PM2.5 exposure triggered pulmonary in�ammation [43–45]. As a major component of
PM2.5, Black carbon is generated from fossil fuel incomplete combustion, moreover, it can absorb
quinones [38]. Quinones and their reductive products can generate ROS species which may be the reason
that quinones had a close relationship with adverse health effects [44, 45]. In our previous study, we
offered the evidence that 1,4NQ-BC could trigger the lung in�ammation accompanied by high expression
of IL-33[38]. But if mice were treated with IL-33 neutralizing antibody together with black carbon, the lung
in�ammation was alleviated compared with the black carbon itself [39, 46]. Hence, it was speculated that
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IL-33 may play a crucial role in this progress. Firstly, it is important to con�rm whether IL-33 could
stimulate lung in�ammation itself or not.

As a member of the IL-1 family, Interleukin-33 mediates its biological function through the ST2 receptor
[47]. Emerging evidence suggests that IL-33 has a close relationship with airway in�ammation and
allergic diseases [33, 48]. It was required for ovalbumin- and papain- induced type 2 airway in�ammation.
IL-33 induction occurred in both hematopoietic and non-hematopoietic cells, particularly in alveolar type 2
cells [35]. It was found that mice injected intraperitoneally with IL-33 induced splenomegaly and the
increased with the IgE [27]. IL-33 could mediate the in�ammatory responses in lung tissue cells, especially
in human microvascular endothelial cells from lung blood vessels (HMVEC-LB1) [49]. It was noteworthy
that, in vivo, we got the evidence that mice intratracheally instilled with IL-33 showed pathological
damage in the lung including the severe in�ammation around the blood vessel, bronchus and pleura. The
higher total cells in BALF and coe�cient of mediastinal lymph nodes emphasized the pro-in�ammatory
action of IL-33. Several in vitro experiments indicated that IL-33 could enhance MAPK (ERK and p38)
phosphorylation in murine, human mast cells and microvascular endothelial cells [27, 49–51]. It was a
promoter in cell injury in human mast cells through MAPK pathways [33, 52]. IL-33 has also been reported
to be an activator in PI3k/Akt signal pathway in cardiomyocyte, primary trophoblasts. [53, 54].These
results were limited to in vitro experiments, in vivo, we con�rmed IL-33 induced in�ammation through
MAPK and Akt pathways in lung. MAPK and PI3k/Akt signal pathways were provoked in lung tissues
after IL-33 instillation. Hence, it was presented the evidence that IL-33 could stimulate lung in�ammation
via activating MAPK and PI3k/Akt signal pathways. Considering the consistent evidence between 1,4NQ-
BC and IL-33, it was hypothesized that 1,4NQ-BC might trigger lung in�ammation through IL-33 secretion.

To further verify the new idea, the origin of IL-33 was explored after 1,4NQ-BC instillation in mice. In our
previous in vitro study, it was found that BC could stimulate RAW264.7 cells to secrete IL-33 but had no
effect on the human bronchial epithelial cells 16HBE (data now shown). It implied that macrophage
might be the source of IL-33. In order to prove the importance of macrophage on the origin of IL-33 after
1,4NQ-BC treatment, mice were instilled with Clodronate liposome intratracheally to eradicate the
macrophage in the lung. [55–57]. As expected, after the effective abrogation of the macrophages, the
mRNA and protein expression of IL-33 in lung tissue signi�cantly reduced accompanied by the alleviation
of the lung damage.

It has been reported that IL-33 could enhance the differentiation of Treg cell subsets [58]. Administration
of recombinant IL-33 contributed to a signi�cant increase in the frequency and the total number of
splenic Treg cells [59, 60]. In line with previous published results, it was veri�ed that intratracheally
instillation with IL-33 in mice led to an increase in mediastinal lymph nodes Treg cells in vivo. Thus 1,
4NQ-BC could enhance the CD4+ cells towards to Treg cells. It was reasonable that this progress might be
involved in IL-33 pathway. After elimination of macrophage, the secretion of IL-33 reduced and so as the
percentage of Treg cells after 1,4NQ-BC treatment. Interestingly, in CLOlipo treated group, the percentage
of Treg cells was increased. It presented that some non-IL-33 dependent pathways participated in the
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progress of macrophage mediated Treg cells differentiation. And the interaction between 1,4NQ-BC and
Treg differentiation had already been extrapolated and it will be published in another article.

Moreover, the MAPK and PI3k/Akt signal pathways were inhibited after elimination of macrophage during
1,4NQ-BC treatment. It was realized that as the abrogation of macrophage partly reversed the lung
in�ammation induced by 1,4NQ-BC, there must be some other cytokines involved in the proin�ammatory
progress. Herein, our �ndings support the notion that IL-33 most possibly derived from the macrophage in
the lung exposed to 1,4NQ-BC.

Conclusions
In this work, IL-33 was proved to induce lung in�ammation itself. Both MAPK and PI3K/Akt pathways
took part in the proin�ammatory process. IL-33 had the ability to change the T cell subtypes. Moreover, 1,
4NQ-BC triggered the lung in�ammation. The underlying mechanisms needed to be explored. CLOlipo was
used to get rid of the in�uence of macrophage and help to explore the origin of IL-33 after 1,4NQ-BC
treatment. Based on the pathological results and related protein expression, it was unveiled that IL-33
might derive from macrophage which played a key role in the process of 1,4NQ-BC mediated lung
in�ammation. Our �ndings provide new insight into the function and origin of IL-33 in PM induced lung
in�ammation.

Methods
Animals

All the animals used in this study were healthy female C57BL/6 (18~20g) purchased from Charles River
Laboratories Co. Ltd. (Beijing, China) and raised under a speci�c pathogen-free condition with a barrier
system (temperature: 20-26ºC, relative humidity: 40-70%). Standard mice feed and tap water were
available. All animals in this study were approved by the Ethics Committee of Peking University. All of the
methods were conducted in accordance with the relevant guidelines by the above Ethics Committee.

1,4NQ-BC

BC and 1, 4 -naphthoquinone were provided by Professor Jing Shang (College of Environmental Sciences
and Engineering, Peking University). Printex U black carbon (UBC) was obtained from Deussa which was
one of the most representative diesel soot (61). 0.05g 1, 4-naphthoquinone and 1 g of BC were blended
and dissolved in dichloromethane. The mixture was dried at 60 ºC for 4h after rotary evaporation to get
1,4NQ-BC (26). The particles were suspended in the saline, and then sonicated for 15 min before
intratracheal instillation.

Experimental design

Two animal experiments were conducted in this study. One is that the mice were divided into two groups:
PBS control group and IL-33 (Thermo Fisher Scienti�c, USA) treated group (n=8, the total number is 28).
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IL-33 was instilled in 0.4 μg per mouse, twice a week for four weeks.

The other animal experiment is that mice were divided into 5 groups: negative control, PBSliposome
control (Liposoma, Holland), Clodronateliposome (Liposoma, Holland), PBSliposome & 1,4NQ-BC group
and Clodronateliposome & 1,4NQ-BC group (n=8 per group). The Clodronateliposome was aimed to
eliminate macrophages. The 0.06ml dissolved particles were instilled to per mouse, twice a week for four
weeks. 24h after the last instillation, the body weight of each mouse and the organ coe�cient were
measured. The animals were sacri�ced by cervical dislocation after iso�urane anesthesia.

Intratracheal instillation

All mice were anesthetized by an intraperitoneal injection of 5% chloral hydrate (0.1 ml/10g body weight).

IL-33 treated group (n=8): Mice were instilled with a volume of 0.06 ml 0.4μg via a cannula, followed by
0.8 ml of air. 0.06 ml of PBS were instilled to the control group.

PBSliposome (PBSlipo) and Clodronateliposome (CLOlipo) groups (n=8): Mice were instilled with
PBSliposome (0.04 ml) or Clodronateliposome (0.04 ml) (55-57) two days earlier before the groups
treated with 1,4NQ-BC. PBSliposome group was set as solvent control.

1,4NQ-BC with PBSliposome or Clodronateliposome groups (n=8): Mice were separately instilled
PBSliposome or Clodronateliposome two days earlier before the mice were instilled the particles. The
mice were instilled with a volume of 0.06 ml 200μg 1,4NQ-BC suspensions via a cannula, followed by
0.08 ml of air. The negative control group was left untreated.

Bronchoalveolar lavage and cell differentials

All mice were anesthetized with 0.1ml/10 g of 5% chloral hydrate and the lungs were gently lavaged with
1ml PBS for 3 times. The collected lavage was centrifuged (300x g, 10min) and supernatants were
obtained and then stored at -80 ºC to measure the cytokines. The cell sediments from the lavages were
resuspended in 1ml of PBS containing 1% BSA. Cells were counted by Counter Star (Shanghai, China).
After then they were smeared to slides then stained by using Diff Quick (American Scienti�c Inc., Sewickly,
PA). 300 cells were counted and the macrophages were identi�ed.

ELISA analysis

The level of IL-33 in bronchoalveolar lavage �uid was detected by commercial enzyme-linked
immunosorbent assay (ELISA) kits (Abcam Co. Ltd. UK). All the procedures were conducted according to
the manufacturer’s instructions.

Quantitative PCR

Total RNA was extracted from the lungs for the generation of single-stranded cDNA and PCR was
performed. The SYBR Green kit (TakaRa, DRR041A) was used in the quantitative realtime PCR. The
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reaction was performed according to the standard protocol in the IQTM5 Multicolor Real-Time PCR
Detection System (Bio-RAD). The primers used for each gene were as follows: the endogenous control
was glyceraldehyde-3-phosphate dehydrogenase (forward: 5’-GCTGAGTATCGTGAGT-3’, reverse: 5’-
GTTCACACCCATCACAAAC-3’) and IL-33 (forward: 5‘- GGTGCTACTACGCTACTATG-3’, reverse: 5’-
GATGTCTGTGTCTTTGATGG-3’)

Western blot analysis

Western blot analysis was performed as described in our previous study [38, 46]. Brie�y, the lung tissue
was weighed and homogenized in ice-cold lysis buffer and lysed for 30 min at 4 ºC. Equal amounts of
sample proteins were separated by 10% SDS-PAGE, followed by transfer to a polyvinylidene di�uoride
membrane. The membranes were incubated with the primary antibodies overnight at 4 ºC. The primary
antibodies were used at dilutions of 1:100 to 1:1000. Secondary antibodies conjugated to HRP were
added and detected with a chemiluminescent substrate. β-actin was used as an internal control of equal
protein loading.

Organ coe�cient and �ow cytometry analysis

Mediastinal lymph nodes were separated and weighed. Organ coe�cient was the weight of the organ
divided by the body weights. Mediastinal lymph nodes were ground into single-cell suspensions and the
cells were stained with �orescence-conjugated monoclonal antibodies, including CD3-PE, CD4-PECY5,
CD8-FITC, FOXP3-FITC. The antibodies were purchased from eBioscience. Cell sub-types were analyzed
by Beckman Coulter Flow Cytometer.

Histological assessment of lung tissue

Lung tissues were separated and �xed in 10% buffered formalin and then embedded in para�n. Each
specimen was stained with hematoxylin and eosin. The in�ltration of lymphocytes was used to determine
the severity of the in�ammation.

Statistical analysis

The experimental results are expressed as the mean ± SD. One-way analysis of variance (ANOVA)
followed by Dunnett t-test (SPSS 13.0 Peking University) was used to compare the differences of more
than two groups. Differences were considered statistically signi�cant at a P value of less than 0.05.

Abbreviations
1, 4NQ-BC: 1, 4Napthoquinone-Black Carbon; Interleukin-33: IL-33; PBSlipo: PBSliposome; CLOlipo:
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Figure 1

IL-33 induced lung in�ammation through MAPK and PI3K/Akt pathways. Mice were given IL-33 twice a
week for four weeks through intratracheal instillation. Total cell counts were examined in BALF (A).
Histological analysis of lung damage (H&E), PBS-treated control group (B), IL-33 treated group among the
blood vessel and bronchus (C), tissues (D) and pleura (E). Original magni�cation was 100X. Histograms
demonstrate the number of in�ammatory cells in IL-33 treated group compared with the control group (F-
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H) *P 0.05 versus PBS control group. The arrow stands for the in�ammatory cells. Key proteins of MAPK
and PI3k/Akt pathways were determined by western blotting (I, J).

Figure 2

IL-33 changed the T cell sub-types in mediastinal lymph nodes. The coe�cient of mediastinal lymph
nodes was measured after PBS and IL-33 instillation (A). The T cell sub-types CD4+ (B-C), CD8+ T cells (E-
F) and the Tregs (H-I) were detected by �ow cytometry. The histograms demonstrated the proportion of
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change between IL-33 treated group and the PBS control group, *P 0.05 versus PBS control group (D, G,
J).

Figure 3

The lung in�ammation caused by 1,4NQ-BC was reversed after elimination of the macrophages. Mice
were given PBSlipo, CLOlipo, PBSlipo & 1,4NQ-NC and CLOlipo & 1,4NQ-BC twice a week for four weeks
through intratracheal instillation. The e�ciency of CLOlipo was detected (A). Histological assessment of
lung damage (H&E), the control group (B), the PBSlipo group (C), the CLOlipo group (D), the PBSlipo
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+1,4NQ-BC group (E) and the CLOlipo+1,4NQ-BC group (F). Original magni�cation was 100X. The arrow
stands for the in�ammatory cells. Histograms demonstrate the number of in�ammatory cells in different
groups among and pleura (G), the blood vessels and bronchus (H) and tissues(I), *P<0.05 versus PBSlipo
group, &P<0.05 versus CLOlipo group.

Figure 4
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The secretion of IL-33 was reduced during the elimination of macrophages after exposure to 1,4NQ-BC.
The level of IL-33 was detected by ELISA kits in BALF (A). The expression of mRNA (B) and protein (C) of
IL-33 in lung tissue were determined by real time PCR and western blots. The fold induction of IL-33
protein was determined by densitometry and normalized to the respective β-actin level, *P<0.05 versus
PBSlipo group, &P<0.05 versus CLOlipo group.

Figure 5
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Deletion of macrophages affected T cell sub-types in mediastinal lymph nodes caused by 1,4NQ-BC. The
T cell sub-types CD4+ (A) and CD8+ (B) were detected by �ow cytometry. The histograms demonstrated
the proportion of change among different groups, *P<0.05 versus PBSlipo group, &P<0.05 versus CLOlipo
group, #P<0.05 versus PBSlipo+1,4NQ-BC group.

Figure 6
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Deletion of macrophages affected T cell sub-types in mediastinal lymph nodes caused by 1,4NQ-BC. (A)
The percentage of Tregs was detected by �ow cytometry. (B) The histograms demonstrated the
proportion of change among different groups, *P<0.05 versus PBSlipo group, &P<0.05 versus CLOlipo
group, # P<0.05 versus PBSlipo+1,4NQ-BC group.

Figure 7
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IL-33 from macrophage might disturb the MAPK and PI3k/Akt signal pathway after 1,4NQ-BC treatment.
The expression of related proteins in MAPK (A, C) and Akt (E) pathways in the lung were determined by
western blotting. The fold induction of these proteins was determined by densitometry and normalized to
the respective β-actin level, *P<0.05 versus PBSlipo group, &P<0.05 versus CLOlipo group, #P<0.05 versus
PBSlipo+1,4NQ-BC group.


